We present a patient with Wolff-Parkinson-White syndrome who died of a myocardial infarction 19 months after clinical electrophysiologic studies. These studies suggested the presence of a left atrioventricular accessory pathway that sustained conduction well in the retrograde direction but only intermittently in the antegrade direction. Postmortem examination of the heart revealed three accessory atrioventricular pathways in proximity to each other in the posterolateral atrioventricular region. One pathway showed complete fibrosis and two showed patchy fibrosis. The fibrosis suggests an anatomic basis for the impaired antegrade conduction observed in life.
ELECTROPHYSIOLOGIC,' surgical2 and patho-logic3-8 data support the hypothesis that the clinical and electrophysiologic abnormalities associated with the Wolff-Parkinson-White (WPW) syndrome usually result from functioning accessory atrioventricular connections composed of working myocardium. Much less is known about the correlation between the anatomy of accessory pathways and electrophysiologic function. Cessation of function in accessory pathways, 9 17 intermittent function'3 and discordance between antegrade and retrograde conduction'13-5 are established phenomena with no documented etiologies. In this report we present a patient with an intermittent WPW pattern electrocardiographically in whom electrophysiologic study demonstrated impaired conduction of an accessory pathway in the antegrade direction and rapid conduction in the retrograde direction. This patient died of a myocardial infarction and postmortem examination of the heart allowed for correlation of the histology of the accessory pathway with its electrophysiologic function.
Case Report A 60-year-old man employed as a metal grinder was admitted to Duke University Medical Center for evaluation of increasing frequency of repetitive bouts of tachycardia that had occurred since childhood. There was no family history of cardiac disease. Attacks of tachycardia had no consistent precipitating cause. They began abruptly and were not associated with chest pain or dyspnea, although once he did lose consciousness. Maximally tolerated doses of quinidine, procainamide, digoxin and propranolol in varying combinations did not modify the attacks. With the exception of mild hypertension, the patient otherwise enjoyed good health. There were no abnormal physical or laboratory findings.
Electrophysiologic Data
Electrocardiographic tracings intermittently showed WPW pattern or a pattern of right bundle branch block without preexcitation (figs. 1 and 2). During tachycardia, the heart rate was 180 beats/min and regular with a QRS pattern of right bundle branch block ( fig. 1 ). The patient underwent electrophysiologic studies to determine the mechanism of his arrhythmias. The method of such studies in our laboratory has been described in detail elsewhere.' During normal sinus rhythm, at a basic cycle length of 1000 msec, the PA interval was 50 msec, the AH interval was 80 msec and the HV interval was 40 msec. During occasional preexcited beats, the His deflection was observed 30 msec after the onset of the QRS deflection. Preexcitation was not observed during atrial pacing at multiple sites (lateral right atrium, proximal coronary sinus, and distal coronary sinus) at any cycle length. During right ventricular pacing, the sequence of retrograde atrial activation was eccentric, with earliest retrograde activation occurring at the distal coronary sinus. This confirmed the presence of an accessory atrioventricular pathway in the left posterolateral parietal wall. The retrograde effective refractory period of the accessory pathway was 300 msec at cycle length 600 and 270 msec at cycle length 400. The shortest cycle length with 1 Reciprocating tachycardia could be readily induced by single atrial or ventricular premature depolarizations at critical coupling intervals or by bursts of rapid atrial pacing. It could be readily terminated by bursts of rapid atrial pacing. The induced tachycardia had a cycle length of 295 msec and was identical to previously recorded spontaneous episodes. We concluded that the accessory pathway was used in this tachycardia because: 1) the earliest retrograde atrial activation16 was at the lateral coronary sinus (ventriculoatrial interval 82 msec) (figs. 3 and 4) and 2) left bundle branch block aberration during-reciprocating tachycardia prolonged the ventriculoatrial interval by 
Clinical Course
A permanent radiofrequency pacing unit was implanted with the electrode positioned in the posterior coronary sinus. With this unit, the patient readily terminated his episodes of reciprocating tachycardia. A brief trial of quinidine therapy to decrease frequency of attacks resulted in loss of consistent atrial -capture by his radiofrequency pacemaker, so quinidine was discontinued. Eighteen months after hospital discharge, he began to experience exertional chest pain unrelated to tachycardia, which was treated with nitrates and propranolol. He was scheduled for cardiac catheterization, but 1 month later he was admitted to his local hospital with increasing frequency of chest pain. At that time, he had a few brief episodes of reciprocating tachycardia that were terminated readily by his radiofrequency pacemaker. Electrocardiograms during these episodes revealed acute anteroseptal myocardial infarction not evident in normal sinus rhythm due to preexcitation. The next day he sustained a cardiac arrest due to electromechanical dissociation and could not be resuscitated. 
Pathologic Examination

Methods
In addition to careful routine gross and microscopic examination of the heart, the block of tissue that included the atrioventricular node, common bundle of His and the proximal left and right bundle branches was embedded in paraffin and complete serial sections were placed on 35-mm tape by the method described by Pickett and Sommer'8 and stained by Masson's method. The region of the left atrioventricular junction from the posterior to anterior limits of the free lateral wall was resected and serial sections were prepared in a manner similar to that described for the atrioventricular node. 
nsec)
On postmortem examination the heart weighed 495 g. The dominant right coronary artery showed maximal atherosclerotic narrowing of 85-90% of the luminal cross-sectional area at a point just beyond the lateral margin of the right ventricle. The left anterior descending artery was maximally narrowed by about 95% by atherosclerosis at a point 5 cm from its origin. TRICUSPID A recent transmural anteroseptal infarct involved the ANNULUS left ventricle from base to apex. The pacing electrode catheter was completely surrounded by a fibrin sheath from its tip in the coronary sinus to the high right atrium. This sheath had a graywhite appearance and was paper thin. There was no thrombotic material in the vicinity of this catheter.
Serial sections of the left atrioventricular junction revealed three separate fibromuscular bundles IAL WALL between the left atrium and left ventricle ( fig. 4 ). One was found in the posterior region 3 cm from the crux of the heart and showed moderate replacement by collagenous connective tissue (figs. 5 and 6). Two HIS bundles were found in the posterolateral atrioventricular groove 5 cm from the crux of the heart in the ?ntricular position predicted by the electrophysiologic studies nln niiprc-(figs. 7-10). They both formed bridges of muscle entriculoee bypass 1 3. between the left atrium and left ventricle that were partly replaced by collagen in one case (figs. 7 and 8) and completely at one focus in the other case (figs. 9 and 10). Serial sections through the atrioventricular node, common bundle, and proximal 1-2 cm of the left and right bundle branches did not show pathologic changes other than slight fibrosis of the nonbranching bundle of His. The right bundle was followed through its second (intramuscular) portion.
Comment
Although right bundle branch block occurred during reciprocating tachycardia and during normal sinus rhythm when antegrade block was observed in the accessory pathway, no abnormality of the right bundle branch was found on serial microscopic sections. However, a lesion may have involved the right bundle more distal than the portion examined. The fact that complete left bundle branch block morphology was intermittently observed during reciprocating tachycardia suggests that the right bundle branch could sustain conduction in the antegrade direction. The observed right bundle branch block patterns may have been secondary to slower conduction over the right bundle branch than the left bundle branch. FIGURE 7 . Sequential steps taken from complete serial sections of the left atrioventricular junction showing bypass tract number 2. Note the bridge (indicated by arrows) passing from the left atrium in A, across epicardial fat in B, and joining the left ventricle in C. Masson's stain; magnification X 18. 1253 VOL 61, No 6, JUNE 1980 Vr > '. FIGURE 8. Higher-power view of the ventricular insertion of the muscular bridge shown in figure 7C . Arrow points to collagen (pale). The residual muscle fibers are dark.
Masson's stain; magnification X 100.
The formation of fibrin sheaths ("neo-endocardium") without thrombus formation as seen around this patient's coronary sinus catheter has been described with chronically implanted endocardial catheters in the right heart.'9 20 *: /~~A4Q FIGURE 10. Higher-power view of the ventricular and the muscular bridge shown in figure 9D . Arrow points to the collagen, which completely replaces the muscle fibers in one focus (pale); the residual musclefibers proximal and distal to this region are dark. Masson's stain; magnification X 40.
Discussion
Intermittency and disappearance of preexcitation constitute a part of the clinical spectrum in the WPW syndrome.9-19 This is an especially frequent occurrence when the WPW syndrome is discovered in the first year of life.9 The accessory pathway may not conduct in the antegrade direction, or may lose this ability, while maintaining the ability to conduct rapidly in the retrograde direction.13 15 Wolff et al. proposed that the change from predominantly cholinergic cardiac innervation in the neonate to the development of adrenergic innervation with maturation of the conduction system may diminish the activity of accessory pathways.9 The concept of "impedance mismatch" has been introduced to explain the frequently observed discordance between impaired or absent antegrade conduction over accessory pathways in the presence of unimpaired retrograde conduction. 21 The accessory pathway is compared to a narrow isthmus of muscle joining a thin layered sheet of atrial muscle with a larger, three dimensional mass of ventricular myocardium. Consequently, the limited wave front passing over the accessory pathway might be of insufficient magnitude to bring the larger volume of cells at the ventricular terminus to threshold during antegrade conduction but would be sufficient to bring the atrium to threshold during retrograde conduction. This hypothesis is supported by anatomic studies showing that accessory pathways are indeed very narrow, with a maximum width of 0.1-7 mm.2 Furthermore, electrophysiologic evaluation of 236 accessory atrioventricular pathways (220 patients) in our laboratory from 1968-1978 revealed that 35 sustained conduction only in the retrograde direction, eight sustained conduction only in the antegrade direction, and the remainder conducted both antegradely and retrogradely. 22 In the case presented, the accessory atrioventricular connections were found in the location predicted by our electrophysiologic studies. One pathway was entirely replaced in one focus by connective tissue and the other two showed patchy fibrosis with muscular continuity retained between the atrium and ventricle. Patchy fibrosis was also observed at the base of the left ventricle near the ventricular termini of the accessory atrioventricular connections. The demonstration of fibrosis in these accessory pathways is a reasonable explanation for impaired conduction observed in life. The cause of this fibrosis is speculative but the presence of diffuse coronary disease and fibrosis in the ventricle near the insertion of the accessory pathways make an ischemic etiology possible. Fibrosis in accessory pathways may account in part for impaired conduction and disappearance of conduction in these structures. Any condition that results in myocardial fibrosis may also be expected to result in fibrosis of accessory pathways. Degenerative changes have been reported in ventricular muscle at the base of the heart in association with calcification of the cardiac skeleton. 23 The slender accessory connections traversing the atrioventricular groove may be subject to mechanical stresses that would lead to degenerative changes. McAlpine suggested that the area between the posterior leaflet of the mitral valve and the ostial slope of the left ventricle is an isovolumic stress area.24 This is usually the site of mitral annular calcification involving the base of the posterior mitral leaflet as well as the endocardial basal left ventricle. Maximal calcification is usually observed at the midpoint of the posterior leaflet. Most accessory pathways that con-and their locations would correspond to this region of isovolumic stress.
This report supports the hypothesis that degenerative changes may be an important factor in the appearance of impaired conduction or block in accessory atrioventricular connections.
